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By ErankV. SilhanandJamesM. Cubbage,Jr.

SUMMARY

Dragcharacteristicsofa seriesofrelatedconicalandcircular-
srcafterbcxiiesarepresentedforMachnumbersfrom0.6to 1.3. Drag
wasobtainedfrompressuremeasurementsontheboattailandsolidbase.
me boattailanglestestedrangedfrom0°to45°forratiosofbasediam-
eterto maximumbodydiameterrangingfromO to 1.0.

Theresultsoftheinvestigationindicatethatincreasingtheratio
ofbasedismetertomaximumdiameterbeyond0.55is,ingeneral,detri-
mentalfroma dragstandpoint.Theminimum-dragboattailanglefor
conicslafterbodiesata Machnuniberof0.9andKU diameterratiostested
wasapproximatelyP andforcirculsr-arcafterbodiesapproximately16°j
ata Machnumberof1.2,thedataindicateoptimaofapproximately4°
fortheconesand7°forthecirculararcs. Onthebasisofequivalent
finenessratioandratioofbasedismetertomaximumdiameterthe
circular-arcafterbodiesgavelowerboattaildragthanconicalsfterbodies
forconicalboattailanglesgreaterthanapproximately8° (16° circulsr-
arcboattailangle),”butforangleslessthen8°theboattaildragforthe
coneswass~ghtlylower.Fortotaldrag,similarresultswereobtained
exceptfora reductionofthedifferencebetweenthetwotypesofboat-
tailingforconean@es IESSthsm8°.

INTRODUCTION

Attransonicsmdsupersonicspeedsa significantpsrtofthetotal
dragofaircraftormissilesisassociatedwithreducedpressuresalong
theafterbodyof thefuselageornacelles.Theproblemofdesi~ingan
afterbdytofairfroma fixeddiameterof a fuselageornacelleto a
fixeddkmeterof thebaseso thatminimumhag wouldbe obtainedfor
bothsupersonicandsubsonicflighthasreceivedconsiderableattention.
Calculationofafterbodydragcanbe readilyaccomplishedat supersonic
speedsandtheliteraturecontainsnumerousexperimentalinvestigations
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at thesespeeds.At thehigher.subsonicspeedsofcu&entinterestfQr
cruiseoperation,theoreticaldeterminationofthedragisnotreadily
accompUshed,andatlowsupersonicspeedsthetheoryisrestrictedto

P

thinbodies.Experimentaldataat transonicspeedsarereportedinref- —
erences1 to6 andelsewhere,butforthemostpertconsistofresults
fromspecificconfigurationsorfromafterbodfeswithstabilizingfins.

Theinvestigationreportedhereinispartofa generalprogramin
progressintheInternalAerodynamicsBranchoftheLangleyCompressi-
bilityResearchDivisionto studythe”dragQf afterbodiesthroughthe
transonicrange.Thepresentworkconcernsthedragofa seriesof con-

—

icalandcircular-arcafterbodieswithoutanissuingJet. Theboattail
angleoftheconicalandcircular-arcafterbodiestestedrangedfrom0°
to45°endtheratioofbasedisnetertomaximumdiametervariedfromO
to1.0. Thesel-inch-diameterafterbodieswereattachedtoa cylindri-
calstingwhichextendedupstreamintothetunnelentrancebell. The
tunneltestsectionwasslottedanddatawereobtained.overa Machnum-
berrang?from0.6to1.3. ThecorrespondingReynoldsnumberrangewas
3.3x 10bto4.k x 106perfoot.
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total-dragcoefficient,boattailplusbase, CD,(3+ cD,b
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~ dynamicpressure,pv2/2

r radius

3

v velocity

x distancedownstreamfrompointof initialdecreasefromdismeter
of1 inch(forcylindricalsfterbodyonly,x ismeasuredfrom
a point2 msximumbodydismetersupstreamofbase)

Y radialdistancefromsurface

P boattailanglebetweencenterlineofm@el andtangentlineat
baseofmodel

P maSS density

Subscripts:

B boattail

b “base

x local

m maximum

C9 streamconditions

A photographshowing

APPARATUSANDMETHODS

thegeneralarrangementof theexperimental
setupusedinthisinvestigationispresentedinfigure1. Thetopand
bottomwallsofthe~-inch-squareslottedtestsectioncontainedfour

slotseach;thewidthoftheslotswassuchthattheratioof openarea
tototalareaofeachslottedwsllwas1/8. Theafterbodymodelswere
attachedto a l-inch-diemeterstingsupportedslongthetunnelcenter
lineby thesystemof strutsshowninfigure1. Airata msximumstag-
nationpressureof2 atmosphereswassuppliedby a centrifugalcompressor;
auxiliarysuctionwasappliedto theplenumchaibersurroundingthetest
sectionto obtainsupersonicMachnunibers.!!Thetest-section-emptyWch
numberdistributionsandconstructiondetailsof thistunnelme presented
inreference7. FortherangeofMachnumbersnear1,tunnel-walleffects
causesomeuncertaintyinthedata.At thehigherMachnuuibersofthe
investigation,however,reflecteddisturbanceswhichoriginateonthe
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boattailfallweildownstreamofthebaseforallbuta fewof thelongest
models.Forthelongestofthesethereflecteddisturbancesarejustrear-
wardofthebodyatthehighestMachnumber.Although-hemagnitudeofany G
walleffectpresentisunkmown,itisfelt,frompreviousexperienceand —.
checkswithotherdatawherepossible,that@ese effectsarerektively
smallandthatthedatatrendsestablishedarevalidthroughoutthespeed
rangeofthesetests.

Twotypesofafterbdycontourswerete-stedinthisinvestigation:
conicalandcircular-arccontours.Photographsofseveralmodelsare
presentedinfigure2; sketchesarealsoshoyginfigure3 togetherwith
tablessummerizingpertinentdimensionsandthenumberofpressureori-
ficesofeachmodeltested.Boattailangles.of oo,3°,5.60, 8°, 16°,
and45°weretested;ratiosofbasediametertomaximumbodydiameter
were0, 0.55,0.70,0.85,and1.0. Radiifortheprofilesof the
circular-arcafterbodieswerechosensothatthetangenttothearcat
thebaseformedthedesiredboattailangle.Afterbodymodelswithlow
boattailanglesandsmall-diameterratioswerenottesteddueto their
extremelength,Pressuremeasurementswereobtainedfroma numberof
orificesinstalledina helicalpatharoundtheafterbodyandonthe
modelbase. Thenumberoforificesina particularmodelvariedaccording

—

to thelengthofthemodel.Formodelscontainingmore.thanonebase-
pressureorifice,anaverageofthebasepres&rreswaswed indeterminti-g

~

basedrag. Thefree-streamstatic-pressureorificewaslocatedonthe
stingapproximately1 bodydismeterupstream@ thecylfnder-af%erbody
juncture.

w

A boundary-layersurveywasmadetoestimatethedepthandprofile
oftheboundarylayerapproachingtheafterbody.Thesurveymodelhad
SIXtotal-pressureprobes,0.030inchindiameter,equallyspacedabout
thecircumferenceatvaryingheightsfromthesurfacefidintheplane
correspondingtothesting-boattailjuncture.Theendsoftheprobes
wereflattenedtogiveanopeningapproximately0.~6 inchinheight.
VelocityprofilesobtainedatthreestreamWch numbersarepresentedin”
figure4 togetherwitha l/7-powerprofile.Theprofilesshowa thick
turbulentboundarylayerapproachingtheafterbody.me effectof
boundary-layerthicknesswasnotinvestigated.dthoughitmaychangethe
levelofthecurves.However,itisfeltthattherelat>yedragofthe
differentmodelswouldnotchange.withboundary-layerth~ckness.Thisis
borneoutintheinvestigationsofreferences5 and8 whichincludethe
effectofvaryingboundary-layerthicknessforafterbodieswithjet
flow. Bothshowonlya smalJef~ectduetoincreasesir.boundary-layer
thicknessfrom0.095toO.1~ ofthemsximumbodydismeterattransonic
speedsandat M = 1.5 (ref.5)andfrom0.05-to0.18at M= 1.9
(ref.8). Extrapolationtotheno-jet-flowconditionofthedataof
reference8 (Cp;basa functionofjetpressureratio)indicatesa
changeIn Cp,b ofapproximately4 percent.

. .

Y

.
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AfterlmdypressureswererecordedatMachnumbersfrom0.6toabout
1.3. At eachtestpoint,allpressureswerephotographicallyrecorded

* froma mercury-filled,multitubemanometer.Themeasuredpressuredis-
tributionsweremechanicallyintegratedtoobtainthepressuredrag.
Schlierenphoto~aphsoftheflowwerealsotakenata majorityofthe
testconditions.TheReynoldsnumberrangeof thesetestswas3.3X l&
to4.4 X 106perfoot.

RFSULTSANDDISCUSSIONS

AfterbodyPressureMstributions

Pressuresmeasuredalongseveralof theconicalemdcircular-arc
afterbcdiesstudiedinthisinvestigationarepresentedin coefficient
formasa functionofthedistancealongtheafterbodyinfigures5
and6. Schlierenphotographsoftheflowfieldabouttheafterbcdyfor
severaloftheafterbcdymodelsarealsoshowninfigures~ and6.

Figure5 showsthechangesthatoccurinthepressureUstributions
d overconical.andcircular-arcafterbcdieswithboattailanglesof 5.6°

and16°asthestreamMachnunibervariesfrom0.6to1.3. Thepressure
distributionsoverthe5.6°conicalafterbody(fig.5(a))aretypicalof

a thoseoverotherlow-anglecones.Theabruptexpansionof theflowat
thecone-cylinderjunctureat M> 1.0 isingoodagreementwiththat
calculatedfora Prandt144eyerturneq~ to theboattailangle ~.
(Thelattervalueis indicatedby thesrrowontheordinateat x/din= O.)
Compressionoftheflowovertheafterbodyat subsonicWch numbersis
morerapidWan thesupersoniccompression.Fortheshortestafterbody,
db/~ = 0.85,thepressurecoefficientdecreasedabruptlyaheadofthe
baseduetotheinfluenceofthebasepressure.Theinitialexpansion
andpressuresupstreamofthebasewerenearlyindependentoftheratio
ofbasedismetertomsximumdismeter.Thecontinuedcompressionofthe
flowovera longerafterbcdy(db/~= 0.55)wassufficienttoproduce
positivevaluesof ~,~ at M= 0.9and1.0. Theinfluenceofthe
basepressureextendedsomewhatfartherforwardas theafterbodylength
increased.Althoughtheextentoftheinitialexpansionandsubsequent
compressionwasgreaterat ~ = 16° (fig.5(b))theeffectsofwch
numberandratioofbasediemetertomsximumdiameterwereessentially
thesaneasat thelowerboattailsm.gles.Thevaluesof ~,p calcu-
latedfora Prandtl-bkyerexpansionof 16°isnotinas goodagreement
withthemeasuredpressureas itwasforthe B = 5.6° model.

. Theschlierenphotographsoffigures5(a)snd(b)showthediffer-
enceintheflowovera 5.6°and16°boattailedafterbody.Theabsence

.
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ofa trailingshockonthe5.6°afterlmdywillbe notedinfigure~(a)
atallspeedsduetothegradualrecompressionoftheflowalongthe
afterbodyfolJowingtheinitial.expansionto 5.6o.Alongthe16°model

..—*
(fig.5(b)),however,therecompressionoccursinamu~ shorterdistance,
andtheflow,unabletonegotiatethishighergradient,sepsratesfromthe
bodytoproducethetrailingshockobservedinthephot~graphs.As the
Machnumberincreases,thistrailingshockmovesrearwtidon themodel
uxrtilat M = 1.3 itislocatedclosetothebase.

Forthecircular-arc-profileafterbodies(figs.5(c)&d (d))the
pressurejustdownstreamofthepointoftangencywasweU belowthe
freestreamstaticpressureinsomeinstances(fig.~(d)).Thismustbe
attributedMgeIy tothethinningoftheboundarylayeraheadofthe
tangencypointsmdsubsequentaccelerationoftheflow.Fora long,low-
amgleafterbodydb/~ = 0.70 (fig.5(c))thepressurecoefficientalong
theafterbdywasnearlyconstantatallWch nuribers._AIQngtheshortest
afterbcdy,db/~ = 0.85,thepressuretendedtodecreasetoa minimum
at x/~= 1 andthenremainsessentiallyconstant.For p = 16°
(fig.5(d)) thedecreasetominimumpressurewasquiterapidaswasthe
subsequentincreaseinpressure.Thepointofminimumpressuremoved
rearwardontheafterbodyas M increasedandastheaf’terbodybecame
longer(decreasingdb/~)● Positivepressuresoccurredon therear .,w.
partofthee.fterbodyforthe P =S16°, ‘b/% = 0.55 modelfrom M = 0.6
to1.0. Theschlierenphotographsindicateno separationof theflow
overthelow-angle%ody(fig.5(c)),sndldmitedseparationaffectedonly

v

a SW portionofthe16°afterbody(fig.5(d)).

Figure6 showsthevariationinthepressure-coeff~cientdistribu-
tionsovertheafterbodyfordifferentvaluesofboattailangleata
constantvalueof db/dm.me distributionsshownfor -~= Oo (cylin-
dricalafterbcd.y)wereobtainedfromreference3. Since”thepressure
dragofa cylindricalafterbodyisrepresentedentirelyby thebasedrag,
theareaunde”rthecurvefor B = 0° infigure6 doesDotrepresenta
pressuredragforce.Theschlierenphotographsandpressuredistribu-
tionsfortheconicalafterbcdywith ~ = 45° showtheflowtobe sep-
aratedovertheentirelengthoftheafterbody.Unpublisheddataobtained . .
by theInternalAerodynamicsBranchfora 300 af%erbodyshowthattheflow
completelyseparatesat thisvslueof P also.
~=8°and160at M

Thedistributionsfor
= 1.1 arenotconsistentwiththetrendofthe

distributionsforotherhch numbersperhapsasa resultofanerrorin
thestatic-pressuremeasurement.As indicatedinfigure3(b),thesemodels
hadonlythreestaticorificesavailabletodeterminethepressure
distributions.

Forthecircular-arcmodels(fig.6(b))theboattailanglehadonly k
a smalleffectonthedistributionsup to B = 80. Thedifference
betweentheshapeofthedistributionsfor B. 5.60 and P = 8° was

.-

-.

L*.. . .. . . . . ..
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morepronouncedat supersonicspeedsthanat subsonicspeeds.Theflow
overthe p = 4’5°mcdelremainedattachedtothemodelfora shortdis-
tancedownstreamofthetangencypoint
pressuresinthisregion.

Afterbody

causingtheflowto expandtolow

Drag

Preliminarytestswereconductedona cylindricalafterbdyforcom-
parisonwithdatafromothersources;theresultsarepresentedinfig-
ure7 asa functionoffree-streamMachnumber.Thecylindricalmodel
wasselectedbecausethereisa substantialmount oftransonicdata
fromwind-tunnelandflighttestsavailableforcomparison.Thewind-
tunneldatapresentedwereobtainedfromsimilarconfigurations,an
infinitelylongforebodywitha relativelythickturbulentboundsrylayer.
Klkeflightmodel(ref.2),offinenessratio11,containeda largecavity
inthebaseandthedragcoefficientpresentedisthesumofthedrag
coefficientsoverthecenterbaseareaandtheannulusarea. Thetiag
vsriationwithstream~ch numberis,ingeneral,similarforthefour
setsofresultspresentedalthoughthenumericalvaues showsignificant
percentagedifferences.Theexactcauseofthesedifferenceshasnot
beenascertained;possiblefactorsarewind-tunnel-wallinterference,
modelboundarylayer,orReynoldsnumber.

Basicdata.-Thebasicdragdataaxepresentedinfigure8 forall
configurationstested.me boattail-dragcoefficient~,~, base-drag

coefficientC!D,b,andthetotal-sfterbody-dragcoefficientCD sre
presentedas functionsofthefree-streamMachnumberforconstant,@ues
of ~ and db/~. Thedataobtainedintestsofconicalmodelsare
presentedinfigures8(a)to (e);thosefromcircular-src-modeltestsin
figures8(f)to (j).

Forthe3° conicalafterbcdy,changesinl@chnumberhadlittle
effectontheboattail-dragco-efficient.‘Thesubsonicdragcoefficient
waslow,approximately0.025,withonlya smalltremsonicrise. Extending
theafterbodyandthusreducingtheratioofbasediametertomaximum
dianeterledto smallincreasesintheboattaildragat supersonicspeeds
buteffectedlargereductio~inthebasedrag. Becausethebasedragis
substantiallygreaterthantheboattaildrag,thetotaldragwassmalJer
forthelongerbody.

At a boattailangleof 5.6°theboattaildragat subsonicspeedswas
essentiallyindependentofthebasedismeter,whereasat M > 1 sub-
st~tid increasesin CD,~ accompaniedincreasesinafterbodylength.
Thebasedragwassomewhatlessthantheboattaildragforthe5.6°
coneatdiameterratiosof0.55smd0.70,anddecreasedslightlyas the
Machnumberincreasedfrom0.6toapproximately1. Thissametrend
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andforthecircular-srcbodies.Thereflex
inthedrag-riseofthetotal-dragplotsandthebroadWch numberrange
overwhichtheriseoccursaredueto thedisplacementsoftherisein M

CD,13and cD,b O
..

Withfurtherincreasesof B to80and16°,thesubsoniclevelof
theboattaildragandthetransonic-dragrisecontinuedto Increase.
Thebase-dragleveldecreasesforall.Machnumberswitha thrustforce
measuredforseveralconfigurations.As atthelowerqngles,the%ase
dragincreaseswithincreasingdiameterratiothroughouttheMachnumber
range.Modelswith db/~ = 0.85 alsogavelowerbasedragas P
increased,butdifferedfromtheotherdiameterratiosinthatthe_base
dragat supersonicspeedswasalwaysgreaterthantheboattaildrag.The
basedragagreeswellwithresultsoffree-flighttes_@ofa 7~0conical
boattailwith d~/~= 0.529 (ref.6)asshowninfixe 8(c).me
free-flightmodelhadfins,buttheirtrailingedge@s locatedabout.
1 basediameterupstremofthebase.

separationatthecone-cylinderjuncturewasshowninffgure6(a)
tooccurwhentheboattailanglewasincreasedto45°. me effectofthe
separationondragisshowninfigure8(e);theboattgilandbasedrag
coefficientsvarywiththeratioofbasediameterto,maximumdismeteras
directfunctionsofarea,whilethetotaldragisessentiallyindependent
ofdiameterratio.

Theboattaildragof the8°coneisingoodagreementwiththetheo-
reticalresultsofreference9 forratiosofbasediametertomaximum
diameterof 0.55 and0.70. In general,fo?smallerboattailangles,me _
experimentaldataindicatedhigherdragwitha morerapiddecreasewith
increasingMachnumber.Largerboattailanglesgenerallyhadlowerdrag
whichdecreasedmoreslowlywithWch numberthanpredictedby
reference9.

Thedragdataforcircular-arcboattailedbodiesarepresentedin
figures8(f)to (j). m general,thevariationofdragwithMachnumber
issimilartothatforconicalboattailedbodies,themostnoticeable
differencebeingthelowertransonicriseinboattaildragforthe
circular-arcafterbodies(exceptP = 450). Asforconicalkmattails,
the3° circular-arcmodelshowsa lowlevelofboattaildragwithno
Machnunibereffectanda base-draglevelofapproximatelyfourtimesthe
boattaildrag.Withincreasingboattailangle,boattaildragleveland
transonicdragriseincreaseandthebase-dragleveldecreases.The
base-dragcoefficientalsoincreaseswithincreasingbasediameter
throughouttheMachnumberrangeaswiththeconicalboattailedbodies.

The
juncture

effectofroundingoffthesharpbreakat thecone-cylinder
wasinvestigatedwithtwoafterbodymodels.“Theradiusof

.

.

.



NACARM L56K22 9

d

.

curvaturewasidenticalforbothandwasapproximatelytwotimesthemax-
imumbodydiameterfoUowedby 16°conesof db/~ = 0.55and0.70. Sub-
sonically,thecurvatureproduceda smalladverseeffectonboattailhag
ofa 160conebutdecreasedthedragby approximately15percentforthe
higherl&chnumberrange.Thereductionputtheboattaildragof the
combinationcircular-arc-conemodelroughlymidwaybetweentheconedrag
andthecircular-arcdragfor B = 16°. .

Effectofboattailangle.-Theboattail-andtotal-dragcoefficients
fortheconicalandcircular-arcafterbodiesarepresentedinfigures
9 and10asfunctionsoftheboattailangle.Curvesaredrawnforeach
of thefourdiameterratiosinvestigatedforMachnumbersof 0.6,0.9,
and1.2. Unpublisheddatafromtestsofa seriesof30°”conicalafter-
bodiesindicatethatseparationoccurredatthecone-cylinderjuncture
resultinginmeasureddragcoefficientsapproximatelyequaltothose
obtainedintestsof45°mcdels;therefore,thesecurveswerefaired
throughthesamedragcoefficientat B = 30° asat P = 45°,although
no datawererecordedinthepresentinvestigationforvaluesof ~
between16°andh5°. Arrowsalongtheabscissaindicatethevaluesof
~ thatweretested.

Theboattaildrag(fig.9(a))increasedwithhoattailangleto
$ = 16° as thepressuresnearthecone-cylinderjuncturedecreasedwith
increasedflowturning;at ~ = 45° thedragvariedfromabovetobelow
thevalueat ~ = 160 dependingonMachnuniberanddismeterratio.me
pressuredistributionsoffigure6(a)indicatethattheincreasedsuction
pressuresatthecone-cylinderjuncturearepartiallyoffsetby an
increaseinpressurerecoverywith $ increases.Thispressurerecovery,
however,decreaseswithincreasinghhchnumber.At Machnunibersof 0.6
and0.9themaximummeasureddragfora fullboattailoccurredforthe
fullyseparated45°cone.As thedterbodywasshortened,theregionof
morepositivepressuresisremovedwhilethepesksuctionpressuresremain
sothatseparationatthecone-cylinderjuncturewhicheliminatesthehigh
suctionpressuresbecomesbeneficial.At M= 1.2 thefullysepsrated
conehad

The
dragat
however,
cylinder

lessdragthanthe16°cone.atalldiameterratiostested.

total-dragdataforcones(fig.9(b))againshowa peakmeasured
P = 16° foralldian@erratiosat M= 1.2. Subsonically,
thepeakdragoccurredas theflowseparatedfromtheconj-
uncture. Thecurvesshowincreasingdragas ~ isreducedin

thelow-anglerangeanddemonstratea tendencytofairtothebase-drag
coefficientofa cylindricalafterbody(db/~= 1.0),whichisplotted

Bat = OO. Theinclusionoffrictiondrag,however,wouldproducean
increaseintotaldragwhichwouldbe greaterforthelowervaluesof ~.
Dueto completeseparationfromthebmttailat ~ = 45°,thetotal-drag
coefficientisapproximatelyequaltothebase-dragcoefficientofa
cylinderforallWch numbersanddiameterratios.

.
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Theplotsoffigure9(b)showa minimum-total-drtigcoefficientat
M= 0.6 fora conicalboattailangleofabout13°foreachofthefour
diameterratiosandabout7° at M= 0.9.

~.
Thepointofminimumdrag

appearstobe at ~ = 4° for M= 1.2,at leastforthelargerdismeter
ratioswherethelowsngleswereinvestigated.These”optimaapplyto
solidbaseafterbodi~sandmayvaryconsiderablyforsfterbodieswithjet
flowissuingfromthebase. TheoptimumP valuesat:M= 0.6and0.9
areingoodagreementwiththoseofreference1. Theoptimaofrefer-
ence1 wereindependentof Z/dm forfinenessratiosof1 to4,withthe
minimumdragalwaysoccurringforthebodywiththesm&llestdb/dm.At
M = 1.2 a B ofapproximately5°wasoptimumforeachfinenessratio
ofreference1 whilereference4 presents4.5°as theoptimumconical
boattailangleforalldiameterratios.

—

Thecircular-arcboattaildrag(fig.l.O(a))increasedwithboattail
angleforallconditionsexceptat .M= 0.6.andforthemodelshavingthe
largestdiameterratioswherethedragwasslightlyhigherfor ~ = 16°
thsmfor B = 45’3.Theboattailandtotalfiagofthecircular-arcbodies
isgenerallylowerthanforconesofequalboattailanglead diameter
ratio;sinceforthecircular-arcmodelstheboundary-layerbuilduppre-

.-

ventsturningoftheflowto thefullvalueof ~. h addition,tie
locationofthelowpressuresina regionf&ther.aft@themodelwhe~e - 1
theradiusissmall.resultsina smallerdragcontribution. .-. —

Thetotal-dragcoefficientfora 45°circukr-arcafterbcdy is %
equivalentb thatofa cylindricalafterbody(~= 0°)at M = 1.2 only.
Forthesebodiescylindricalafterbodydrag“wasexceed6donly~y the
shortest16° circulsr-arcafterbody.Itis”alsoof interesttonotethat
subsonicallytheverylargebase-dragcoefficientsforsmallboattail
anglesresultinhighertotaldragthanthatmeasuredat 13= 450. The
total-dragplotsshowa gradual.curvatureintherangeofminimumdrag
at M= 0.6and0.9withlowpointsatabout25°andL6°,respectively.
At M= 1.2 thevalueof ~ forminimumdragismoredifficultto
estimatesincethelowerboattailangleswere‘nottestedfor&l-ldism-
eterratios.Themodelswitha diameterratioof 0.85”forwhichallfive
boattailanglesweretestedindicateminimumdragat 5°;at $b/dm= 0.70
theminimumappearstobe at P = ~. Flighttestsof-fin-stabilized
models(ref.4) indicatethatforparabolicaftedbodiesa baseangleof

.

9°willgiveminimumdrag.

Effectofratioofbasediametertomaximumdiameter.-Theboattail-
andtotal-dragcoefficientsofconicalendcircular-srcafterbodiesare
presentedas.afunctionofratioofbasediametertomaximumdiameterin
figuresU.and12forfivevaluesof ~j again,
M= 0.6, 0.9,’and1.2.

Withincreasingbasediameterandconstant
negativemeanpressureresultsforboattailson

curvesarepresentedfor
#

@ smdMachnumbera more
.—

whichseparationdoesnot
●— —



NACARM L56K22
. .~-r- -_..

11

i
occurduetothelossofpressurerecoverywhichoccursona fullboat-
tail(db/~= O). Thiseffectisoffsetby thereductioninboattail

+ projectedareasothatfordiameterratiosof O to 0.55theboattail-
dragcoefficientremainsessentiallyunchsmged.Beyondthispoint CD,$
fallsoffto zeroat db/dm= 1.0(cylindricalafterbody).lhclusionof
thefrictiondrag,however,wouldincreasethedragforlowdismeter
ratios,particularlyforlowboattailangles.Thehoattaildragof the
45°conevariesas a directfunctionofhoattailareaasa resultofthe
flowseparationpreciouslyobserved.

Additionofthebasedragtotheboattdldragoftheconesproduces
a markedchangeinthetrendfordiameterratiosgreaterthan0.55.The
totaldragincreasesbeyondthispointto a maximumat ‘b/dIU= 1 where
thebasedragofa cylinderisplotted.Exceptionsoccurforthe16°
coneat M = 1.2 forwhichalldiameterratioshadgreaterdragthana
cylinder,endforthe45° conewherecompleteseparationresultsin
approximatelyconstantdrag.

Thedragofthecircular-arcboattailshowstrendssimilsrtothose
observedforcones.Thedraglevelfora givenvalueof !3,however,is
generallylowerforcircular-arcprofiles.Thetotaldrag.of the

-’ circular-srcmodelsincreaseswithdismeterratioforallexceptthe
P = 430 modelwhereat M = 1.2 thedragwasapproximatelyconstant.
The8 and16°circular-arcboattailsalsoindicatea totaldraggreater

* thanthatofa cylinderat M= 1.2 fordiameterratioscloseto 1.

Comparisonofconical”andcircular-arcafterbodies.-Comparisonsof
thetwotypesofboattailingonthebasisofequivalentboattailangle
arepresentedinfigure13. Boattail-dragcoefficientispresentedas a
functionofstreamMachnumberfora ratioofbasediametertomaxirrrum
diameterof 0.70andforseveralvaluesof B. Thiscomparisonshows
higherboattaildragforconiqalafterbodiesforallconditionsexcept
boattailangleslowerthanabout8°atthesubsonicMachnumbersandfor
thefullyseparatedcase(45°)at supersonicspeeds.

A comparisonbasedonconicalandcircular-srcafterbodiesofequal
lengthisalsopresentedinfigure13. Dataatfinenessratiosof 0.5,
1,2,and3 wereobtainedfromcrossfairingofthebasicdatacurves.
Foran Z/~ of 0.5(lowerrightsideoffigure)thecircular-srcafter-
bodyhaslowerdragovertheentireMachnumberrange,”butwi~ increasing
lengththedifferencerapidlydecreasesuntilforan Z/dm of3 thecones
demonstratesll.ghtlysuperiordragperformance.‘l%eseandsimilarplots
fordiameterratiosof 0.55and0.85indicatethatforequivalentfineness
ratiosthecirculsr-arcafterbodiesgivebetterdragperformancethan
conicalboattailanglesgreaterthan-approximately

* tailanglesgreaterthem160), butforsinglesless
~o-(circular-arcboat-
then8° theconical

—

. —
.———- J-. .. -._.
-.

.
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afterbodiesindicateslightlysuperiordragperformance.Similarresult+_
areobtainedwhenthecomparisonisbasedontotal.drag-exceptthatfor
angleslessthan
thetwotypesof

8° thesal differencesoffer
boattailing.

SUMMARYOFRESULTS

little-toch~osebetween *

_--.

Thefolhwingresultswe indicatedfromaninvestigationofthe
effectsofboatta~langle,basearea,andsfterbodycon&r ondragof
afterbodieswithoutanissuingjetfor~ch numbersof 0.6to 1.3:

1.Ata Machnumberof 0.9thelowesttotaldragforalldiameter
ratiostestedoccurredata boattailangleofapproximately7°forconi-
calafterbodies;theoptimumboattailangleforcircular-arcafterbodies
wasapproximate~160. At a Machnumberof1.2theoptimumboattail
angleforthelargerdiameterratioswasabout4°forconicalafterbodies
and7°forcircular-arcafterbodies.

2. Fora Mch numbergreaterthan1.0totaldragreacheda maximum
-.

forthe160cone,exceedingeventhedragofa cylindricalafterbody. h
3. Increasingtheratioofbasediametertobodydiameterbeyond

0.55decreasedboattaildragbutat-theexpenseoflargeincreasesin
basedragandgenerallyhighertotaldrag. k

h. Onthebasisofequalboattailangletidratioofbasediameter
tomaximumdiameter,thecircular-arcafterbodiesgavelowerboattail-
dragcoefficientsthantheconicalafterbodiesforallctmditionsexcept
forlowboattailanglesat subsonicspeedsandfullyseparatedflowat _
supersonicspeeds.

5. Onthebasisofequalfinenessratioandratioo;basediameter‘-- ,.
tomaximumdiameterthecircular-arcafterbodiesgaveI&er boattaildrag
thanconicalafterbodiesforconicalboattailanglesgreaterthanapproxi-
mately8° (16° circular-arcboattailangle),butforangleslessthan8°
theboattaildragfortheconeswasslightlylower.Fortotaldrag,
similarresultswereobtainedexceptfora reductionofthedifference
betweenthetwotypesofboattailingforconeanglesles~than8°.

LangleyAeronauticallaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs., —Noveniber1,1956.-
—
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